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1 Our first analysis [Li and Poirier (2003b)] concentrated on the smallest sample (Native Americans) in our data set and laid out the basic
econometric methodology. Subsequent work [Li and Poirier (2001a, 2001b, 2002a)] contained detailed analyses in which the five ethnic/racial groups
considered here were treated separately, and then tested for pooling. We found that a pooled model with group differences confined only to intercepts
was overwhelmingly favored by the data [Li and Poirier (2000, 2002a)]. Likewise the analysis here is predicated on intercept-only group differences.
1. Introduction
One of the problems in examining the effects of maternal behavior during pregnancy and birth outcomes on
early childhood development is the endogeneity of the former. For example, suppose children differ in the production
technology of early childhood outcomes. If mothers who smoke during pregnancy tend to attend prenatal care more often
and take other remedies than mothers who do not smoke during pregnancy, children of smoking mothers may be healthier
than those of non-smoking mothers. This can spuriously cause a positive or an attenuated negative relation between
maternal smoking during pregnancy and measures of early childhood development, contrary to the conventional wisdom.
Similarly, if heavy infants stay heavy during early childhood, an OLS regression would detect a strong and positive
association between birth weight and child weight in early childhood, whereas a simultaneous equations modeling
approach that controls for the endogenous determination of birth weight, may detect a negligible effect of birth weight
on child weight in early childhood.
The primary distinguishing feature of our work is that we view maternal choices during pregnancy, birth
outcomes, family child-rearing environment, together with measures of early childhood development as endogenous
to the child developmental process, i.e., they are determined within the system under analysis. In the context of four
measures of maternal behavior during pregnancy (maternal smoking, drinking, prenatal care, and maternal weight gain),
three measures of birth outcome (gestational age, birth length, and birth weight), and 32 exogenous covariates observed
during pregnancy, we investigate the importance of maternal choices during pregnancy and birth outcomes in forecasting
child health (as indicated by height and weight), child behavioral problems, and a child math/reading test score at age
five or six. Our modeling framework is far more elaborate than considered previously in either the biomedical or
economics literature.
Using data from the National Longitudinal Survey of Youth, we find that the effects of maternal smoking on
birth outcomes are negative, and smoking reduces birth weight by .3175kg. The effects of maternal drinking on birth
outcomes are mixed and small. Obtaining prenatal care in the first trimester translates into an increase of 2.089 weeks
in gestation, 1.047cm in birth length, and .5407kg in birth weight. Maternal nutrition has positive effects on birth
outcomes but the size of these effects is small. Gestation has the expected positive effects on birth length and birth
weight, but their size is not large. Strikingly, birth outcomes have virtually no structural/causal effects on early childhood
developmental outcomes, and only maternal smoking and drinking during pregnancy have some effects on child height.
Not surprisingly, family child-rearing environment has sizeable negative and positive effects on behavioral problems
index and math/reading test score, respectively, and a mildly surprising negative effect on child height. Despite little
evidence of a structural/causal effect of birth weight on early childhood outcomes, our results demonstrate that birth
weight nonetheless has strong predictive effects on early childhood developmental outcomes. Furthermore, these effects
are largely invariant to whether family child-rearing environment is taken into account. Family child-rearing environment
has both structural and predictive effects on early childhood developmental outcomes, but they are largely orthogonal
and in addition to the effects of birth weight.
The paper proceeds as follows. In Section 2 we discuss the data. In Section 3 we present our modeling
framework. We report empirical results in Section 4. Some concluding remarks are offered in Section 5.
2. Data
As in Li and Poirier (2000, 2001a, 2001b, 2002a, 2003b),
1 we utilize the National Longitudinal Survey of
Youth (NLSY). The NLSY is an ongoing study of 12,686 young men and women aged 14 to 21 as of January 1, 1979,
and it comprises both random cross-sectional sampling and supplemental sampling of individuals. The data for this paper
are drawn from the National Longitudinal Survey of Youth Merged Child-Mother file (NLSCM) for 1998. The NLSCM
contains data for each child born to a woman in the original NLSY, as well as a selection of variables from the NLSY
main file. Where necessary, additional variables are constructed using the NLSY main file for 1998. The price indices
on cigarette, alcohol, medical services and food are obtained from the consumer price index data base of the Bureau of4
2We employ three additional exogenous variables to the 29 in Li and Poirier (2000, 2002a). The first variable is a dummy
variable x2, where x2 = 1 if the five new endogenous variables are measured at age 6 and x2 = 0 if measured at age 5. The second
variable, x9, is the mother’s age at birth squared. The third variable, x13, is the mother’s age at the onset of menarche.
3Women with early menarche tend to have smaller pelvises. Novotny et al. (2000) argue that maternal pelvic size is an
important indicator of fetal growth which can be related to later health outcomes. Maternal nutrition influences the size, shape, and
angle of the pelvis, especially nutrients influencing bone development. In a multivariate model the authors find that maternal height,
hip, infant gender, and gestational age predict infant birth weight, but maternal height does not contribute significantly. Interestingly,
mother’s ethnicity also does not have significant additional explanatory power in their model. The age of menarche can also have
substantial sociological effects on personal development.
Labor Statistics.
We build on our earlier analyses [Li and Poirier (2000, 2002a)] by using the same four measures of maternal
behavior during pregnancy z(1) (maternal smoking, maternal drinking, prenatal care, and nutritional intake as measured
by weight gain) and three measures of birth outcome z(2) (gestational age, birth length, and birth weight) measured at
birth, and by adding a new contemporaneous aggregate assessment of the family child-rearing environment (called the
Home Observation for Measurement of the Environment, HOME) to predict four new early childhood developmental
outcome variables measured at age 5 or 6. We condition on 32 exogenous variables, denoted by x.
2 The five new
endogenous variables are now discussed.
First, we introduce a measure of the cognitive stimulation and emotional support provided by the child’s family.
This variable, z8 = HOME [Center for Human Resource Research (1998)], is based on both maternal-reports and
interviewer observations on the overall quality of the home environment, maternal emotional and verbal responsivity,
maternal acceptance of an involvement with her child, organization of the environment, materials for learning, variety
of stimulation, and measures of parental modeling of maturity. We specify a reduced form equation for z8 thinking of
it as another input which summarizes the current surroundings of the child at the time of testing.
Second, we proxy the health status of the child in terms of child height (z9 = CH) and child weight (z10 = CW).
This is a common practice in economic history [Fogel (1999)], economics [Blau et al. (1996)], and the health sciences.
The relationship between birth length and birth weight and size later in life has been studied all the way up to adults.
For example, Sorenson et al. (1999) conclude that the associations between birth length and adult height persist after
adjustment for birth weight, gestational age, and other cofounders, while the associations between birth weight and adult
height almost disappear when adjusting for birth length and the same cofounders. They also note a connection between
morbidity and height.
Third, we use a behavioral problems index (z11 = BPI) based on responses of mothers to twenty-eight questions
dealing with specific behaviors (antisocial, anxious-depressed, hyperactive, headstrong, dependent, and peer-conflicting)
that children may have exhibited in the previous three months. Higher scores represent more behavioral problems. 
Finally, we use the combined Peabody Individual Achievement Test score in mathematics and reading (z12 =
PIAT). Teplin et al. (1991) find that few surviving very low birth weight (birth weight < 1,500g) children have signs
of major neurologic disabilities or mental retardation, but they do have more subtle learning, behavioral, and visual
motor difficulties which emerge during their kindergarten years. HOME, child height, child weight, behavioral problems
index, and PIAT math/reading test score are all measured at either age 5 or 6.
As before, we only analyze singleton first-born live births, ignoring sample selection problems arising from
parity considerations (i.e., infants that are not first-born) and abortions. There are some observations lost (802) due to
missing data compared to the sample (1,962 observations) in Li and Poirier (2000, 2002a). Nonetheless, our results for
the original seven-equation model of the birth process change modestly, but not importantly from our earlier results.
Summary statistics of all twelve endogenous variables by racial/ethnic groups are in Li and Poirier [2002b, Appendix
A].
We break the 32 exogenous variables into six groups: x = [x(1)N, x(2)N, x(3)N, x(4)N, x(5)N, x(6)N]N. x(1) is 2×1 and
consists of a constant equal to one and a binary indicator equal to one if the new outcomes are measured at age 6, and
equal to zero at age 5. x(2) is 4×1 and contains four racial/ethnic dummies for Supplementary Whites, Blacks, Hispanics,
and Native Americans. x(3) is 3×1 and contains infant gender and maternal age. x(4) is 4×1 and characterizes our physical
description of the mother in terms of height, weight, and age at menarche.
3 x(2), x(3), and x(4) cover basic physical
characteristics (the race and gender of the infant, and the age and size of the mother) which we expect to be particularly5
4Barker (1996) notes the widespread professional opinion that the mother controls fetal growth, not the fetus’ genome. The
bases are studies of half siblings: those with the same father have different sizes at birth, whereas those with the same mother have
similar sizes. After birth paternal genes become more important.
Γ2Nzi(2)  Γ1Nzi(1)  ∆2Nxi  εi(2), (2)
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important in the birth outcome equations. Following biomedical tradition, physical characteristics of the father are
omitted [see Basso, Olsen and Christensen (1999)].
4 x(5) is 6×1 and contains calendar time, regional dummies, maternal
AFQT score, and family income. x(6) is 13×1 and contains socio-economic characteristics of the mother and her family.
x(5) and x(6) are risk factors that causally are quite far removed from the biological event of LBW. We expect these
variables to be important in the maternal behavior equations, but not in the biologically-based birth outcome equations
nor for our new early childhood outcome variables.
We have centered the variables so as to impart a meaningful interpretation to the intercepts in our model. The
case in which all elements of x other than x1 are zeros describes generically a mother we will refer to as our reference
mother. This reference mother is twenty-three years old, lives in the north-central region, gives birth to a female infant
in January 1985, has access to health insurance, lives with another adult, has a household income of $25,000, has a body
mass index (BMI = weight in kg / [height in meters]
2) of 24 based on a height of 162cm and a weight of 63kg, with
menarche at 13 years old, who worked three of the four quarters in the year before giving birth, has four siblings, has
the mean AFQT score of other twenty-three-year-old women in the NLSY, was on-time in school (within one grade)
in an urban household with an employed male at age 14, whose mother (the maternal grandmother) completed twelve
years of education and the prices for cigarette, alcohol, medical services, and food are at the 1984 level. Our reference
mother is someone for whom we expect favorable birth outcomes.
3. The Model
While we draw upon the economics literature for our modeling strategy, our specific model is constructed based
on biological considerations. We specify reduced form equations for the four maternal choices during pregnancy
(smoking, drinking, prenatal care, and weight gain) and HOME, and then a triangular specification in which gestation
depends on maternal choices during pregnancy, birth length and birth weight together have a bivariate relationship
depending on maternal choices and gestation, child height and child weight depends on maternal choices and birth
outcomes and HOME, and child behavioral problem index and PIAT test score depends on all ten endogenous variables.
The model is diagonal with numerous exclusion restrictions on the regression coefficients and three (unit) restrictions
on the variance-covariance matrix.
We consider a sample of T independent singleton first-born live births indexed by the subscript i. Consider the
four observed measures of maternal behavior during pregnancy zi(1) = [yiN, zi(WG)]N: three binary indicators yi = [Si, Di,
PCi]N of maternal smoking, drinking, and obtaining prenatal care in the first trimester, and a continuous measure of
maternal nutrition, zi(WG), defined as maternal weight gain (WG) during pregnancy. Let  = [Si
*, D i
*, PC i
*]N (i = 1, 2, y

i
..., T) denote latent variables underlying the binary measures of maternal behavior during pregnancy yi












measures of birth outcome zi(2) = [Gi , BLi , BWi ]N (i = 1, 2, ..., T) mentioned earlier. Finally, let xi (i = 1, 2, ..., T) denote
the K×1 vector of the exogenous variables (K = 32).
For birth i, suppose the four maternal behavior measures are generated by
where ∆1 is an unrestricted K×4 matrix of unknown parameters. The three birth outcome measures are generated by 
where Γ1 (4×3) is an unrestricted matrix, Γ2 is nonsingular with6
∆24N 
δG,BMI δG,MH δG,MW δG,Men
δBL,BMI δBL,MH 0 δBL,Men
δBW,BMI 0 δBW,MW δBL,Men
. (4)
zi(3)  ∆3Nxi  εi(3), (5)
zi(4)  Γ3Nzi(1)  Γ4Nzi(2)  Γ5Nzi(3)  ∆4Nxi  εi(4), (6)
zi(5)  Γ6Nzi(1)  Γ7Nzi(2)  Γ8Nzi(3)  Γ9Nzi(4)  ∆5Nxi  εi(5) , (7)
∆44N 
δCH,BMI δCH,MH 0 δCH,Men









 with ∆21 (2×3), ∆22 (4×3), and ∆23 (3×3) unrestricted, ∆25 = 06×3, ∆26 = 013×3, ∆2N  [∆21N, ∆22N, ∆23N, ∆24N, ∆25N, ∆26N],
and
The first three equations in equation (1) are the latent representations underlying the trivariate Probit specification of the
three binary indicators in yi. The triangular structure of the coefficient matrix Γ2 in equation (3) implies that gestation
depends on the four maternal behavior measures, and birth length and birth weight together have a bivariate relationship
depending on the four maternal behavior measures and gestation. Equations (1)-(4) comprise the specification used in
our earlier work [Li and Poirier (2000, 2002a)].
We now add zi(3) = HOMEi measuring the family’s cognitive stimulation and emotional support for the child
at age 5 or 6. We are concerned only with a reduced form representation
where the K×1 vector ∆3 is unrestricted. Our interest in HOME is indirect. We are primarily interested in how well
maternal choices during pregnancy and birth outcomes can forecast subsequent outcomes in early childhood. Of course
other variables become available after birth. Indeed the list is potentially long depending on the purposes at hand. To
get a feel for how such predictability can be improved by using other variables observed at the time of testing, but long
after birth, we use the aggregate measure HOME. Furthermore, by taking into account HOME, we can examine whether
some of the raw correlations between birth and early childhood outcomes persist after controlling for HOME.
Our primary concerns are two structural child health equations
where zi(4) = [CHi, CWi]N consists of child height and child weight at the age indicated by x2, and two structural
behavioral/test-outcome equations
where z i(5) = [BPIi , PIATi]N consists of a behavioral problems index and a combined PIAT math and reading test score,
Γ3 (4×2), Γ4 (3×2), Γ5 ( 1×2),  Γ6 (4×2), Γ7 (3×2), Γ8 ( 1×2), and Γ9 (2×2), are unrestricted matrices, ∆4 =
   with  ∆41 (2×2), ∆42 (4×2), and ∆43 (3×2) unrestricted, ∆45 = 06×2, ∆46= 013×2,  [∆41N, ∆42N, ∆43N, ∆44N, ∆45N, ∆46N],
and with  ∆51 (2×2), ∆52 (4×2), and ∆53 (3×2) unrestricted, ∆56= 013×2, and ∆5N  [∆51N, ∆52N, ∆53N, ∆54N, ∆55N, ∆56N],
The HOME variable zi(3) serves as a new endogenous input into a bivariate description of health summarized
in equation (6) by child height (zi9 = CHi) and child weight (zi10 = CWi). These three variables in turn determine zi11 =
BPIi and zi12 = PIATi in equation (7). Only the exogenous variables appearing in the birth outcome equations plus
maternal AFQT score are included as exogenous variables in the structural equations for zi9, ..., zi12. The specification
of numerous zero restrictions on ∆2, ∆4, and ∆5 ensures that the order condition for identification is satisfied.
The combined 12×1 disturbance vector in equations (1), (2), and (5)-(7), εi = [εi(1)N, εi(2)N, εi(3), εi(4)N, εi(5)N]N, is
assumed distributed as i.i.d. N12(012, Σ) (i = 1, 2, ..., T) given xi, with variance-covariance matrix Σ = [Σij] (i,j = 1, 2, ...,
5). The model is not recursive because Σ is permitted to be nondiagonal. The model is nonlinear because of the jointly
determined dummy endogenous variables yi = [Si, Di, PCi]N. Computational details are given in Li and Poirier (2002b)
which is an elaboration of this paper not subject to space constraints.7
5To direct attention to cases where there is substantial posterior probability for a parameter to be away from zero, we outline each cell with
a border indicating if the posterior interquartile range includes zero (no border), the posterior probability that the coefficient is of the given sign is
greater than .75 and less than .90 (single line), the posterior probability that the coefficient is of the given sign is greater than .90 and less than .95
(double line), and the posterior probability that the coefficient is of the given sign is greater than .95 (bold line).
4. Empirical Results 
4.1 Estimation  Results
Table 1 contains the posterior means and standard deviations of the variance-covariance matrix Σ.
5 The
correlations in Table 1 measure the degree to which the “unexplained” parts (disturbances) of our endogenous variables
are related after conditioning on x. There is evidence of positive correlation between the unexplained parts of smoking
and drinking, and little or no correlation amongst the unexplained parts of the remaining maternal behavior measures.
The unexplained part of birth weight is positively correlated with the unexplained parts of gestation and birth length.
Of particular interest is the off-diagonal block of correlations between maternal behavior during pregnancy and birth
outcomes. The unexplained parts of smoking and drinking have some correlation with the unexplained parts of all three
measures of birth outcome. The unexplained part of prenatal care is negatively correlated with the unexplained parts
of birth outcomes, and the correlations between the unexplained part of prenatal care and those of gestation and birth
weight are sizeable.
The unexplained parts of smoking and drinking exhibit some correlation with the unexplained parts of early
childhood outcomes, and the disturbance for birth weight is mildly correlated with the disturbances for child weight,
behavioral problems index, and PIAT math/reading test score. The unexplained part of HOME is correlated with those
of smoking, drinking, child height, and PIAT math/reading text score. Not surprisingly, the unexplained parts of child
height and weight are positively correlated. The unexplained part of PIAT math/reading test score is noticeably
correlated with the unexplained parts of child weight, and behavioral problems index. In contrast, there is little
indication of correlation between the unexplained part of weight gain and those of birth outcomes, HOME, and early
childhood outcomes. Similarly, there is little correlation between the unexplained part of gestation and those of early
childhood outcomes.
Table 2 contains the posterior means and standard deviations of the coefficients ∆1 and ∆3 on exogenous
variables in reduced form equations (1) and (5), respectively. When discussing maternal height and weight, we take into
account both their effects through BMI and their linear effects. The coefficients of most variables among x7 - x32 have
substantial posterior mass away from zero, i.e., the posterior probability that the coefficient is of the given sign is greater
than .90, in some equations suggesting they satisfy at least one requirement of a legitimate instrumental variable for the
birth and early childhood outcome equations.
In particular, the three new exogenous variables as compared to the set of exogenous variables in Li and Poirier
(2000, 2002a) have additional explanatory power. Disturbingly, the age at which the test is taken seems related to
smoking and HOME. There is clear evidence of nonlinearities in maternal age, particularly as related to HOME.
Maternal age at menarche is negatively related to smoking, drinking, and particularly, negatively related to HOME.
Other results regarding ∆1 in Table 2 are broadly consistent with Li and Poirier (2000, 2002a). The racial/ethnic group
differences remain and have become more noticeable in the prenatal care equation. Blacks are noticeably disadvantaged
in terms of HOME (mean effect lowers HOME by 5.744 compared to Main Whites). Maternal AFQT score (x18),
household income (x19), number of quarters worked during pregnancy (x23), and grandmother’s education (x25) have
substantial mass over positive regions for their effects on HOME, while missing health insurance variable (x21), number
of adults in household (x22), and non-urban at age 14 (x27) have substantial negative effects on HOME. Finally, HOME
varies both by region and over time.
Table 3 contains the posterior means and standard deviations of the coefficients ∆2, ∆4, and ∆5 on exogenous
variables in structural equations (2), (6), and (7), respectively. The effects of exogenous variables on maternal behavior
during pregnancy and birth outcomes (∆2) are broadly consistent with our earlier results [Li and Poirier (2000, 2002a)].
Relative to Main Whites, Supplementary Whites have slightly lower birth weights. Blacks and Hispanics have smaller
babies (shorter and lighter), and noticeably so for Blacks. Native Americans have slightly longer gestational ages. The
posterior mean effect of a male infant on birth length is .4842cm and on birth weight is .0369kg. Maternal size has
reasonable positive effects on birth outcomes although the posterior mean effects are not large.
Table 3 also contains the posterior means and standard deviations of the coefficients ∆4 and ∆5 on exogenous8
variables in structural equations (6) and (7), respectively. The three new exogenous variables again have additional
explanatory power. As expected, the age of testing is positively related to child height and weight, but surprisingly seems
not related to behavioral problems index and PIAT math/reading test score. Maternal age matters for child height,
behavioral problems index, and PIAT math/reading test score, and there is clear evidence of nonlinearities in maternal
age, particularly as related to PIAT math/reading test score. Maternal age at menarche is negatively related to PIAT
math/reading test score. Relative to Main Whites, Blacks are taller and heavier. The absence of group differences in the
sample means of behavioral problems index reappears in Table 3. The prevalence of group differences in the sample
means of PIAT math/reading test score also reappears in Table 3, but with one important difference: after controlling
for x, there is substantial probability of a positive effect for Blacks on PIAT math/reading test score! There are no
gender differences in early childhood developmental outcomes. Maternal size is positively related to the child’s size,
and maternal AFQT score is positively related to the child’s PIAT math/reading test score.
Table 4 contains the posterior means and standard deviations of the coefficients Γj (j = 1, 2, ...,9) on included
endogenous variables in structural equations (2), (6), and (7), respectively. Consider the birth outcome parameters (in
the columns of Table 4 headed by G, BL, and BW). The coefficients of maternal behavior during pregnancy in these
birth outcome equations are similar to our earlier results [Li and Poirier (2000, 2002a)]. We find that the effects of
maternal smoking on birth outcomes are negative, and smoking reduces birth weight by .3175kg. The effects of maternal
drinking on birth outcomes are mixed and small. Obtaining prenatal care in the first trimester translates into an increase
of 2.089 weeks in gestation, 1.047cm in birth length, and .5407kg in birth weight. Maternal nutrition has positive effects
on birth outcomes but the size of these effects is small. Gestation has the expected positive effects on birth length and
weight, but their size is not large.
Next consider the early childhood outcome parameters (in the columns of Table 4 headed by CH, CW, BPI,
and PIAT). Among maternal behavior measures, only smoking and drinking have some effects on child height.
Strikingly, birth outcomes have virtually no structural/causal effects on early childhood outcomes. It appears difficult
to reject the null hypothesis that maternal behavior during pregnancy and birth outcomes have no causal effects on child
height, child weight, behavioral problems index, and PIAT math/reading test score, i.e., Γ3 = Γ6 = 04×2, Γ4 = Γ7 = 03×2
(more evidence later). Not surprisingly, HOME has sizeable negative and positive effects on behavioral problems index
and PIAT math/reading test score, respectively, and a mildly surprising negative effect on child height. Finally, child
weight has a mildly negative effect on PIAT math/reading test score.
Table 4 also contains the posterior means and standard deviations of the population R
2 for each birth and early
childhood outcome equation. The R
2 measures the fit of the restricted reduced form equations as suggested by Carter
and Nagar (1977) and is implemented in Li and Poirier (2000, 2002a). Clearly, much unexplained variation remains,
particularly for all three measures of birth outcome and behavioral problems index.
4.2 Prediction  Results
Table 5 contains the marginal posterior predictive means and standard deviations of the reference mother by
racial/ethnic groups. Black and Hispanic reference mothers are the least likely to smoke during pregnancy, and there is
not much variation across reference mothers in terms of all other measures of maternal behavior during pregnancy and
birth outcomes. Black reference mother is relatively disadvantaged in terms of the family child-rearing environment, but
there is not much difference across reference mothers in early childhood developmental outcomes.
Table 6 contains the implied posterior probabilities for joint binary measures of maternal behavior of the
reference mother. Of particular interest in Table 6 is the fact that Black and Hispanic reference mothers have the lowest
predicted probability of the worst behavioral combination (Smoking = 1, Drinking = 1, Prenatal care = 0), and the highest
predicted probability of the best behavioral combination (Smoking = 0, Drinking = 0, Prenatal care = 1). As will shown
later, such good behavioral choices for Blacks and Hispanics do not necessarily lead to better birth or early childhood
outcomes.
The predictive results in Tables 5 and 6 condition on the exogenous characteristics of the reference mother, and
so they take into account only data available before birth. We now investigate the predictive effects of maternal behavior
during pregnancy and birth outcomes, and HOME on early childhood outcomes. This entails a comparison of conditional
predictive densities for early childhood outcomes.
Table 7 contains the posterior means and standard deviations of the effects of latent maternal behavior on the
posterior predictive means of early childhood outcomes, when conditioning on (observed) maternal behavior and birth
outcomes. The derivation details are provided in Li and Poirier (2003a, 2002b). The left hand side of Table 7 is9
unconditional of HOME, whereas the right hand side of the table conditions on HOME as well. S* and D* have positive
and negative effects, respectively, on child height. D* has a noticeable negative effect on PIAT math/reading test score,
and to a lesser extent a positive (worsening) effect on behavioral problems index.
Table 7 also contains the posterior means and standard deviations of the effects of observed maternal behavior
and birth outcomes on the posterior predictive means of early childhood outcomes, when conditioning on maternal
behavior and birth outcomes. Again the left hand side of Table 7 is unconditional of HOME, whereas the right hand side
of the table conditions on HOME as well. As in Table 4, smoking and drinking have negative and positive effects,
respectively, on child height in Table 7. In contrast to Table 4, weight gain has positive and negative effects on child
height and PIAT math/reading test score, respectively.
Interestingly, birth outcomes do have substantial predictive effects on early childhood outcomes. Somewhat
perplexing, gestation has negative effects on both child height and weight. Reassuringly, birth length has a positive effect
on child height. Most importantly, birth weight has substantial effects on child weight and behavioral problems index,
and a somewhat weaker effect on PIAT math/reading test score in sensible directions! The last results underlie our claim
that while birth weight does not appear to have much of a structural/causal effect on early childhood outcomes we study
(see Table 4), it does have important predictive effects, and these effects are largely unchanged by taking into account
the contemporaneous effect of HOME on early childhood outcomes. The predictive effect of HOME is substantial for
three of the four measures of early childhood developmental outcomes. Overall, the results in Table 7 are for the most
part unaffected by conditioning on HOME.
Table 8 contains the posterior means and standard deviations of the effects of exogenous variables on the
posterior predictive means of early childhood outcomes, when conditioning on maternal behavior and birth outcomes.
The derivation details are provided in Li and Poirier (2003a, 2002b). The left hand side of the table is unconditional of
HOME, whereas the right hand side of the table conditions on HOME as well. Note how variables like number of
quarters worked during pregnancy (x23) and grandmother’s education (x25), although quite removed from the structural
PIAT equation, still have a noticeable positive effect on PIAT math/reading test score that is transmitted through
maternal behavior during pregnancy and birth outcomes, and HOME.
It is striking that Table 8 shows little explanatory power the exogenous variables offer to child weight - only
the age6 (x2) and Black (x4) dummies matter. Nor does conditioning on HOME change things. Similarly, after
conditioning on HOME, few exogenous variables have much effect on behavioral problems index. Furthermore, some
exogenous variables have little, if any, effects on early childhood developmental outcomes - the interquartile ranges of
the coefficients of the Supplementary White dummy (x3), maternal height (x11), no health insurance available (x20), no
employed male in household at age 14 (x28), and the food price index (x32) always overlap with zero.
4.3 Hypotheses of Interest
Our maintained hypothesis, denoted H*, imposes an absolutely continuous prior density f(θ|H*), θ 0 Θ. This
section describes three alternative parametric hypotheses over which we assign positive prior probability.
As in our earlier work, we want to first consider whether our specification passes some overidentifying tests.
We choose to enlarge our initial window by adding ∆25Nxi(5) to equation (2) and testing H*: vec(∆25) = 018 versus H1:
vec(∆25) … 018. This is not a mechanical diagnostic check, but rather a substantive hypothesis questioning the structural
interpretation of equation (2). Do the variables in xi(5) (e.g., maternal AFQT score) affect birth outcomes only indirectly
through maternal choices during pregnancy (H*) or also directly (H1)? Using the prior density f(θ,  ∆25*H1) =
f(θ*H*)φ(vec(∆25)*018, ξ5I18) with ξ5 = 1, yields the log-Bayes factor Rn(B*1) = Rn[f(y*H*)/f(y*H1)] = 41 strongly favoring
our maintained specification. Thus, all of our analyses in this paper are conditional on H*.
Our next hypothesis of interest is whether there is a causal relationship between maternal behavior during
pregnancy and birth outcomes. To this end we compare H* to the fourteen restrictions H2: Γ1 = 04×3, Γ2 = I3. Using the
prior density f(θ(-2)*H2) = f(θ(2)*H*), where θ(-2) contains the elements of θ excluding Γ1 and Γ2, yields the log-Bayes
factor Rn(B*2) = Rn[f(y*H*)/f(y*H2)] = 77 which again strongly favors our maintained specification and a causal
connection between maternal behavior during pregnancy and birth outcomes.
We next consider whether there is a causal effect of maternal behavior during pregnancy and birth outcomes
on early childhood outcomes. To this end we compare H* to the thirty-two restrictions H3: Γ3 = Γ6 = 04×2, Γ4 = Γ7 = 03×2,
Γ9 = 02×2. Using the prior density f(θ(-3)*H3) = f(θ(-3)*H*), where θ(-3) contains the elements of θ excluding Γ3, Γ4, Γ6, Γ7,
and Γ9, yields the log-Bayes factor Rn(B*3) = Rn[f(y*H*)/f(y*H3)] = -173 which strongly favors there being no causal
relationship between maternal behavior during pregnancy and birth outcomes and early childhood outcomes.10
5. Conclusions
The goal of this study is to examine the relationship between maternal behavior during pregnancy, birth
outcomes, and early childhood development. We take the seven-equation maternal behavior during pregnancy and birth
outcome model of Li and Poirier (2000, 2001a, 2001b, 2002a, 2003b) and augment it with five new equations measuring
family child-rearing environment and early childhood developmental outcomes.
Briefly, smoking has a noticeable negative causal effect on birth weight. Prenatal care has positive structural
effects on birth outcomes. Gestation has positive causal effects on both birth length and birth weight. The usual ethnic
differences in birth weight are apparent with Blacks having the lowest and Main Whites having the highest birth
weights. Interestingly, Black and Hispanic mothers have the lowest predicted probability of the worst maternal
behavioral combination (Smoking = 1, Drinking = 1, Prenatal care = 0), and the highest predicted probability of the best
maternal behavioral combination (Smoking = 0, Drinking = 0, Prenatal care = 1). Although some observations are lost
due to missing data compared to the sample in Li and Poirier (2000, 2002a), the results for the seven-equation model
of maternal behavior during pregnancy and birth outcomes change only modestly from our earlier results.
Strikingly, birth outcomes have virtually no structural effects on early childhood outcomes, and only smoking
and drinking have effects on child height. Not surprisingly, family child-rearing environment has sizeable negative and
positive effects on behavioral problems index and math/reading test score, respectively, and a mildly surprising negative
effect on child height. The three new exogenous variables as compared to Li and Poirier (2000, 2002a) have explanatory
power. As expected, the age of testing is positively related to child height and weight, but surprisingly seems not related
to behavioral problems index and math/reading test score. There is clear evidence of nonlinearities in maternal age.
Maternal age at menarche is negatively related to math/reading test score. In the child height and weight equations
maternal height and weight are positively related to child height and weight, respectively. Not surprisingly, ethnic
differences in child math/reading test score manifest themselves, but their direction is surprising: after controlling for
exogenous variables and taking into account maternal behavior during pregnancy and birth outcomes, Blacks have
higher math/reading test score than all other ethnic groups.11
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Note: Variances for S
*, D
* and PC
* are normalized to unity. Off-diagonal elements are given as correlations, not covariances. 13
Table 2: Posterior Means (Standard Deviations) of ∆1 in (1) and ∆3 in (5)
∆1 ∆3
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Table 2 (continued): Posterior Means (Standard Deviations) of ∆1 in (1) and ∆3 in (5)
∆1 ∆3
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Table 3: Posterior Means (Standard Deviations) of ∆2 in (2), ∆4 in (6), and ∆5 in (7)
∆2 ∆4 ∆5
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Table 4: Posterior Means (Standard Deviations) of Γj (j = 1, 2, ..., 9) in (2), (6), and (7)
































































































































































Table 5: Marginal Posterior Predictive Means (Standard Deviations) of 










































































































































Table 6: Posterior Probabilities for Joint Binary Measures of Maternal Behavior of 
the Reference Mother by Group
PC = 1 PC = 0 Column
Sum PC = 1 PC = 0 Column





     D = 1 .2543 .0655 .3198 .3237 .0408 .3645 .1158 .0332 .1490
     D = 0 .1177 .0291 .1468 .1321 .0151 .1472 .0556 .0147 .0703
Row Sum .3720 .0946 .4558 .0559 .1714 .0479
S = 0
     D = 1 .1994 .0456 .2450 .2167 .0258 .2425 .2692 .0713 .3405
     D = 0 .2362 .0523 .2885 .2207 .0251 .2458 .3558 .0844 .4402








     D = 1 .1032 .0319 .1351 .3172 .0626 .3798
     D = 0 .0433 .0122 .0555 .1479 .0279 .1758
Row Sum .1465 .0441 .4651 .0905
S = 0
     D = 1 .2931 .0819 .3750 .1748 .0308 .2056
     D = 0 .3455 .0890 .4345 .2048 .0340 .2388
Row Sum .6386 .1709 .3796 .064819
Table7: Posterior Means (Standard Deviations) of Predictive Effects of Endogenous Variables 
on Early Childhood Development 
Not conditioned on HOME Conditioned on HOME









































































































































































Table 8: Posterior Means (Standard Deviations) of Predictive Effects of Exogenous Variables 
on Early Childhood Development 
Not conditioned on HOME Conditioned on HOME
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Table 8 (continued): Posterior Means (Standard Deviations) of Effects of Exogenous Variables
on Early Childhood Development 
Not conditioned on HOME Conditioned on HOME
Variables CH CW BPI PIAT CH CW BPI PIAT















































































































































































































No employed male in






















































































(7.406)CESifo Working Paper Series
(for full list see www.cesifo.de)
________________________________________________________________________
967  Christopher Heady, The ‘Taxing Wages’ Approach to Measuring the Tax Burden on
Labour, June 2003
968  Michael P. Devereux and Alexander Klemm, Measuring Taxes on Income from Capital:
Evidence from the UK, June 2003
969  Bernhard Eckwert and Itzhak Zilcha, The Effect of Better Information on Income
Inequality, June 2003
970  Hartmut Egger and Josef Falkinger, The Role of Public Infrastructure for Firm Location
and International Outsourcing, June 2003
971  Dag Morten Dalen and Trond E. Olsen, Regulatory Competition and Multi-national
Banking, June 2003
972  Matthias Wrede, Tax Deductibility of Commuting Expenses and Residential Land Use
with more than one Center, June 2003
973  Alessandro Cigno and Annalisa Luporini, Scholarships or Student Loans? Subsidizing
Higher Education in the Presence of Moral Hazard, June 2003
974  Chang Woon Nam, Andrea Gebauer and Rüdiger Parsche, Is the Completion of EU
Single Market Hindered by VAT Evasion?, June 2003
975  Michael Braulke and Giacomo Corneo, Capital Taxation May Survive in Open
Economies, July 2003
976  Assar Lindbeck, An Essay on Welfare State Dynamics, July 2003
977  Henrik Jordahl and Luca Micheletto, Optimal Utilitarian Taxation and Horizontal
Equity, July 2003
978  Martin D. D. Evans and Richard K. Lyons, Are Different-Currency Assets Imperfect
Substitutes?, July 2003
979  Thorsten Bayindir-Upmann and Frank Stähler, Market Entry Regulation and
International Competition, July 2003
980  Vivek Ghosal, Firm and Establishment Volatility: The Role of Sunk Costs, Profit
Uncertainty and Technological Change, July 2003
981  Christopher A. Pissarides, Unemployment in Britain: A European Success Story, July
2003982  Wolfgang Buchholz, Richard Cornes, and Wolfgang Peters, On the Frequency of
Interior Cournot-Nash Equilibria in a Public Good Economy, July 2003
983  Syed M. Ahsan and Panagiotis Tsigaris, Choice of Tax Base Revisited: Cash Flow vs.
Prepayment Approaches to Consumption Taxation, July 2003
984  Campbell Leith and Jim Malley, A Sectoral Analysis of Price-Setting Behavior in US
Manufacturing Industries, July 2003
985  Hyun Park and Apostolis Philippopoulos, Choosing Club Membership under Tax
Competition and Free Riding, July 2003
986  Federico Etro, Globalization and Political Geography, July 2003
987  Dan Ariely, Axel Ockenfels and Alvin E. Roth, An Experimental Analysis of Ending
Rules in Internet Auctions, July 2003
988  Paola Conconi and Carlo Perroni, Self-Enforcing International Agreements and
Domestic Policy Credibility, July 2003
989  Charles B. Blankart and Christian Kirchner, The Deadlock of the EU Budget: An
Economic Analysis of Ways In and Ways Out, July 2003
990  M. Hasham Pesaran and Allan Timmermann, Small Sample Properties of Forecasts
from Autoregressive Models under Structural Breaks, July 2003
991  Hyun Park, Apostolis Philippopoulos and Vangelis Vassilatos, On the Optimal Size of
Public Sector under Rent-Seeking competition from State Coffers, July 2003
992  Axel Ockenfels and Alvin E. Roth, Late and Multiple Bidding in Second Price Internet
Auctions: Theory and Evidence Concerning Different Rules for Ending an Auction, July
2003
993  Pierre Salmon, The Assignment of Powers in an Open-ended European Union, July
2003
994  Louis N. Christofides and Chen Peng, Contract Duration and Indexation in a Period of
Real and Nominal Uncertainty, July 2003
995  M. Hashem Pesaran, Til Schuermann, Björn-Jakob Treutler, and Scott M. Weiner,
Macroeconomic Dynamics and Credit Risk: A Global Perspective, July 2003
996  Massimo Bordignon and Sandro Brusco, On Enhanced Cooperation, July 2003
997  David F. Bradford, Addressing the Transfer-Pricing Problem in an Origin-Basis X Tax,
July 2003
998  Daniel Gros, Who Needs Foreign Banks?, July 2003
999  Wolfram Merzyn and Heinrich W. Ursprung, Voter Support for Privatizing Education:
Evidence on Self-Interest and Ideology, July 20031000 Jo Thori Lind, Fractionalization and the Size of Government, July 2003
1001 Daniel Friedman and Donald Wittman, Litigation with Symmetric Bargaining and Two-
Sided Incomplete Information, July 2003
1002 Matthew Clarke and Sardar M. N. Islam, Health Adjusted GDP (HAGDP) Measures of
the Relationship Between Economic Growth, Health Outcomes and Social Welfare, July
2003
1003 Volker Grossmann, Contest for Attention in a Quality-Ladder Model of Endogenous
Growth, August 2003
1004 Marcel Gérard and Joan Martens Weiner, Cross-Border Loss Offset and Formulary
Apportionment: How do they affect multijurisdictional firm investment spending and
interjurisdictional tax competition ?, August 2003
1005 Burkhard Heer, Nonsuperneutrality of Money in the Sidrauski Model with Heterogeous
Agents, August 2003
1006 V. Anton Muscatelli, Piergiovanna Natale, and Patrizio Tirelli, A Simple and Flexible
Alternative to the Stability and Growth Pact Deficit Ceilings. Is it at hand?, August
2003
1007 Reto Foellmi and Josef Zweimüller, Inequality and Economic Growth: European Versus
U.S. Experiences, August 2003
1008 James S. Costain and Michael Reiter, Business Cycles, Unemployment Insurance, and
the Calibration of Matching Models, August 2003
1009 Marco Runkel, Optimal Contest Design when the Designer’s Payoff Depends on
Competitive Balance, August 2003
1010 Donald O. Parsons, Torben Tranaes and Helene Bie Lilleør, Voluntary Public
Unemployment Insurance, August 2003
1011 Rüdiger Pethig and Andreas Wagener, Profit Tax Competition and Formula
Apportionment, August 2003
1012 Johan Willner, Privatisation and Public Ownership in Finland, August 2003
1013 Seppo Kari and Jouko Ylä-Liedenpohja, Taxation and Valuation of International Real
Investments, August 2003
1014 James Heckman, Rosa Matzkin and Lars Nesheim, Simulation and Estimation of
Hedonic Models, August 2003
1015 Biswa N. Bhattacharyay, Towards a Macro-Prudential Leading Indicators Framework
for Monitoring Financial Vulnerability, August 20031016 J. Stephen Ferris and Stanley L. Winer, Searching for Keynes: With Application to
Canada, 1870-2000, August 2003
1017 Massimo Bordignon, Luca Colombo and Umberto Galmarini, Fiscal Federalism and
Endogenous Lobbies’ Formation, August 2003
1018 Annette Alstadsæter, The Dual Income Tax and Firms’Income Shifting through the
Choice of Organizational Form and Real Capital Investments, August 2003
1019 Peter Fredriksson and Bertil Holmlund, Optimal Unemployment Insurance Design:
Time Limits, Monitoring, or Workfare?, August 2003
1020 Kashif S. Mansori, Following in their Footsteps: Comparing Interest Parity Conditions
in Central European Economies to the Euro Countries, August 2003
1021 Christoph Borgmann and Matthias Heidler, Demographics and Volatile Social Security
Wealth: Political Risks of Benefit Rule Changes in Germany, August 2003
1022 Kjell Erik Lommerud, Bjørn Sandvik and Odd Rune Staume, Good Jobs, Bad Jobs and
Redistribution, August 2003
1023 Patrick Karl O’Brien, The Governance of Globalization: The Political Economy of
Anglo-American Hegemony, 1793-2003, September 2003
1024 Antonio Ciccone and Giovanni Peri, Skills’ Substitutability and Technological Progress:
U.S. States 1950-1990, September 2003
1025 Bjørn Sandvik, Optimal Taxation and Normalisations, September 2003
1026 Massimo Bordignon and Gilberto Turati, Bailing Out Expectations and Health
Expenditure in Italy, September 2003
1027 José A. Herce, Namkee Ahn, Ricard Génova, and Joaquín Pereira, Bio-Demographic
and Health Aspects of Ageing in the EU, September 2003
1028 John Komlos and Marieluise Baur, From the Tallest to (One of) the Fattest: The
Enigmatic Fate of the American Population in the 20
th Century, September 2003
1029 Stefan Napel and Mika Widgrén, Bargaining and Distribution of Power in the EU’s
Conciliation Committee, September 2003
1030 Kai Li and Dale J. Poirier, Relationship Between Maternal Behavior During Pregnancy,
Birth Outcome, and Early Childhood Development: An Exploratory Study, September
2003